I n t r o d u c t i o n . -The EPR s t u d y of barium-vanadate g l a s s e s w i t h CuO i mp u r i t y h a s shown ( l ) t h a t cu2+ and v4+ i o n s form t h e mixed exchange p a i r s . The s i n g l e EPR l i n e w i t h g=2.08 h a s been a t t r i b u t e d t o theae p a i r s coupled by s t r o n g f e r r o n a g n e t i c i n t e r a c t i o n . The f o r m a t i o n of mixed p a i r s l e a d s t o t h e i n c r e a s e i n t o t a l c a r r i e r c o n c e n t r a t i o n by t h e i n p u r i t y e l e c t r o n s belonging t o t h e p a i r s and t o t h e change i n t h e a c t i v a t i o n energy and e f f e c t i v e m o b i l i t y .
The aim of t h e p r e s e n t work i s t h e s t u d y o f t h e v a l e n c e s t a t e s o f t h e i n p u r i t y t r a n s i t i o n m e t a l s (Mn,Fe,Co,Cr) i n barium-vanadate g l a s s e s , t h e i r i n t e r a c t i o n s w i t h vtinadium i o n s and e f f e c t s on t h e e l e c t r i c a l c o n d u c t i v i t y of t h e s e g l a s s e s . Experimental.-The g l a s s e s w i t h t h e base composition 35 mol.% BaO and 65 mo1.8 V 0 (denoted by Bv) were prepared. Four s e r i e s o f 2 5 g l a s s e s B V doped w i t h d i f f e r e n t i m p u r i t i e s of t r a n s i t i o n metal oxide s (11 0 ) were i n v e s t i g a t e d . These were g l a s s e s BV c o n t a i n e d from 2 3 0.1 t o 5 wt."/on 0 ( S e r i e s fln-BV), g l a s s e s BV c o n t a i n e d from 0.3 t o 2 3 7 w t . % Fe 0 ( S e r i e s Fe-BV), g l a s s e s BV c o n t a i n e d f r o n 0.5 t o 7 w t . % 2 3
Go 0 ( S e r i e s CO-i3V) and g l a s s e s BV c o n t a i n e d from l t o 5 wt.,% C r 0 2 3 (S:r?es Cr-3V). EPR measurements were c a r r i e d o u t u s i n g X-band s p e c t r o m e t e r RE-l306 from 77 t o 470 K. The r e s i s t i v i t y was measured o v e r a t e m p e r a t u r e range f r o n 6 0 C t o a t e m p e r a t u r e n e a r t o t h e g l a s s t r a n s i t i o n (~2 6 0 -2 ? 0 C ) u s i n g a MOM-3 ohmeter. R e s u l t s . -W e show t h e EPR spectrum o f t h e base g l a s s BV i n F i g -l a . T h i s i s due t o v 4 + i o n s and can be d e s c r i b e d by an a x i a l s p i n Samilton i a n w i t h p a r a m e t e r s g,,= 1.924 7 0.004, a= 1.960 ; 0.005, A,,= -1 = ( l 5 7 7 ~) . I o -~ cm-' and A A = (54 7 2 ) . 1 0 -~ cm .
Pig.2 shoxs t h e p a r a l l e l h y p e r f i n e s t r u c t u r e ( h f s ) components of v4+ EPR spectrum f o r m=7/2 and m=5/2 i n t h e g l a s s B V and i n t h e g l a s s e s of Nn-3V s e r i e s c o n t a i n i n g 0.3 and 0.5 w t . % Mn203. It i s seen t h a t t h e l i n e w i d t h s of t h e h f s components a r e g r e a t e r i n t h e Mn-BV g l a s s e s t h a n i n t h e B V g l a s s , and t h e y i n c r e a s e with incr e a s i n g Mn203 content. The h f s components a r e l e s s c l e a r l y observed i n t h e samples with 1 o r 2 w t . " -/ 0 2 0 3 and a f t e r 2 wt.% Mn203 hyperfi n e s t r u c t u r e of V4+ disappears compietely. S i n g l e broad s y & e t r i c l i n e i s observed i n g l a s s e s containing from 3 t o 5 wt.%Mn203 (Fig.lb) . The l i n e w i d t h i s almost constant i n t h e s e samples @ 4 3 0 Oe) and g-value v a r i e s from 2.009 t o 2.018. The i n c r e a s e i n t h e i n t e g r a t e d i n t e n s i t y of t h i s l i n e i s p r o p o r t i o n a l t o M n 0 content. The width of t h e l i n e i n t h e sample containing 5 wt.% 3 M n 2~3 decreases from 470 t o 390 Oe when temperature i n c r e a s e s from -150 t o +200 C. No o t h e r l i n e s were observed i n t h e g l a s s e s of Mn-BV s e r i e s .
I n c o n t r a s t t o t h e Mn-BV s e r i e s t h e g=4.3 l i n e due t o i o n s
i s observed i n a l l t h e g l a s s e s of Fe-BV s e r i e s . This i s asymmetric with peak-to-peak width about 150-160 Oe a t 0.5-1 wt.% Fe2O3. This l i n e was a l s o observed i n t h e samples with high Fe203 contents but i t s i n t e n s i t y and width cannot be measured because of an overlap with o t h e r l i n e (~i g . 1~) .
I n t h e g l a @ e s containing from 0.3 t o 1 wt.% t n s of hfr:. coaponcnts i n c~e a s ? w i t h i n c r c a a i n g Pe,O, c o n t e n t , and c. /' t h e broad s i n g l e l i n e ,..;it'?. g s 2 i s observed a f t e r 2 w t . % l e 2 0 q . These r c q u l t s Ere s i~i l a r t o t n o c e f o r En-3V z l a s s e s . Xowever, t h e width c f t n e $2 l i n e i s g r e a t e r i n Fe-dV g l a s c c c t h a n i n Kn-BV g l a s s e s (Yig.1) and t h i s i n c r e a s e s w i t h >'e20 c o n c e n t r a t i o n .
3
G.+ .
The :?fc ETR spectru!n ciue t o V lonc i s o n l y observed i n t h e ~l n s r e s of t h e Co-SV s e r i e s a t roon t e a p e r a t u r e . The t e m p e r a t u r e dependence o r t !~ i n t e n s i t y c f t h j s Zi;R spectrum i n t h e g l a s s c o n t a i n i n g 7 wt.;; CO C i s shown i n 555.3. New ve:-y broad l i n e app-2 5 e a r s i n e low magnetic f i e l d a t 77 K i n a l l t h c samples of s e r i e s CO-3v ( P i g . ' i ) .
m.
~n e h f s E?R sspectrum due t o i s observed i n t h e g l a s s e s of t h c Cr-BV c e r i e s i n t h c f e n p e r a t u n e range from 77 t o 309 K. The wid t h s of h f c c o~g o o e n t s a r e c o n s t a n t f o r Cr,O c o n t e n t r a n g i n g from l t o j v t ; h. However, t h e w i d t h s of h f s c 3components and i n t e g ra t e d i n t e n c i t y o f t h e speztrum i n c r e a s e s suddenly when tern c r a t u r e i n c r e a s e s t o 55 C i n a l l t h e samples of t h i s s e r i e s (Fig.37 .
Thc dependence of t h e r e s i s t i v i t y a t 60 C on M20 c o n c e n t r a t i -3 on i n barium vanadatc g l a s s c s i s shown i n Pig.4. It can be s e e n t h a t t h i s i n c r e a s e s w i t h i n c r e a s i n g K 0 c o n t e n t i n a l l t h e s e r i e s . I n 2 3 t h e b i z a r y g l a s s 3 V t h e r e s i s t i v i t y a t 60 C i s 6.10~ ohm cm. The t emporature dependence o f t h e r e s i s t i v i t y f o r t h i s g l a s s can be r e p r es e n t e d by two s t r a i g h t l i n c a w i t h d i f f e r i n g s l o p e s , t h a t i s , w i t h two d i f f e r e n t a c t i v a t i o n e n e r g i e s . Tile a c t i v e t i o n energy Ea= 0.382 eV f r o n 60 t o 200 C and E , e 0.15 eV a t h i g h e r t e m p e r a t u r e . T h i s res u l t i s q u i t e s i m i l a r t o t h o s e r e p o r t e d i n ( 2 ) . I n almost a l l t h e g l a s s e s c o n t a i n i n g K O t h e t e m p e r a t u r e dependence of t h e r e s i s t iv i t y can be roughly ' 3 r e ? r e s e n t c d by a single s t r a i g h t l i n e w i t h an a c t i v a t i o n energy i n c r e a s i n g t o 0.42-0.L1'7 eir a t 5-7 wt."; Cl 0 2 3'
Discussion.-The a n a l y s i s of EP2 s p e c t r a of barium-vanadate g l a s s e s c o n t a i n i n g i m p u r i t i e s o f f i v e d i f f e r e n t t r a n s i t i o n metal o x i d e s show t h e c o n s i d e r a b l e i n t e r a c t i o n s between them and vanadium i o n s . It i s
